The Linxi Formation occupies an extensive area in the eastern Inner Mongolia in the Central Asian Orogenic Belt (CAOB). The Linxi Formation is composed of slate, siltstone, sandstone and plant, lamellibranch microfossils in the associated strata. Major and trace element data (including REE) for sandstones from the formation indicate that these rocks have a greywacke protolith and have been deposited during a strong tectonic activity. LA-ICPMS UePb dating of detrital zircons yield ages of 1801 to 238 Ma for four samples from the Linxi Formation. 425e585 Ma, together with the w500 Ma age for the metamorphism event previously determined for Northeast China, indicates that their provenance is the metamorphic rocks of Pan-African age that have a tectonic affinity to NE China. A few older zircons with UePb ages at 1689e1801 Ma, 1307e1414 Ma, 593e978 Ma are also present, revealing the Neoproterozoic history of NE China. The youngest population shows a peak at ca. 252 Ma, suggesting that the main deposition of the Linxi Formation was at late Permain. Moreover, the ca. 250 Ma zircon grains of all four samples yield weighted mean 206 Pb/ 238 U ages of 250 AE 3 Ma, 248 AE 3 Ma, 249 AE 3 Ma, and 250 AE 2 Ma, respectively. These ages, together with the youngest zircon age in the sample ZJB-28 (ca. 238 Ma), suggest that the deposition of the Linxi Formation extended to the early Triassic. Combining with previous results, we suggest that the final collision of the Central Asian Orogenic Belt (CAOB) in the southern of Linxi Formation, which located in the SolonkereXra MoroneChangchun suture, and the timing for final collision should be at early Triassic.
Introduction
The Central Asian Orogenic Belt (CAOB), located between the Siberia Craton to the north, and the Tarim and the North China cratons (NCC) to the south (Fig. 1) , has traditionally been considered as the accretionary complexes that resulted from closure of multiple oceans (Sengör et al., 1993; Dobretsov et al., 1995; Dergunov, 2001; Dobretsov, 2003; Khain et al., 2003) . This huge orogenic belt extend from Urals in the west through Kazakhstan, NW China, Mongolia, and NE China to the Okhotsk Sea in the Russian Far East ).
The CAOB is one of the most largest and most complicated orogenic belts in the world (e.g., Sengör et al., 1993; Sengör and Natal'in, 1996; Ren et al., 1999; Wu et al., 2002 Wu et al., , 2007b Zhang et al., 2008b Zhang et al., , 2009c Zhou et al., 2009 Zhou et al., , 2010a Zhou and Wilde, 2013) . NE China and adjacent regions form the eastern segment of the Central Asian Orogenic Belt (CAOB), surrounded by three plates, the Siberia Craton in the north, the North China Craton in the south and the Pacific plate in the east ( Fig. 1) (Natal'in, 1991 (Natal'in, , 1993 Sengör et al., 1993; Sengör and Natal'in, 1996; Ren et al., 1999; Jahn et al., 2000; Jahn, 2004; Li, 2006) . It records the closure process of the Paleo-Asian Ocean and the subsequent onset of the West Pacific plate underneath the Eurasian continent. NE China is composed of several blocks, such as Erguna, Xing'an, Songliao, JiamusieBureya and Khanka blocks, which are separated by sutures (Li, 1980; Zhang et al., 1994) . The XinlineXuguit suture zone or South MongoliaeDa Xing'an suture (Fig. 1) is the boundary between the Erguna and Xing'an blocks, taking place during early Paleozoic times (Li, 1991; Ge et al., 2005; Zhou et al., 2011a,b; Zhou and Wilde, 2013) . The assemblage of the Xing'an and Songliao blocks occurred along the HegenshaneHeihe suture zone in the late Paleozoic times, based on the formation age of the Hegenshan ophiolites (w295 Ma; Miao et al., 2007 Miao et al., , 2008 . Our newest geochronological data from the Heilongjiang buleschist belt showed that the final closure time was at 210e180 Ma (Zhou et al., , 2010c Zhou and Wilde, 2013) for the Jiamusi block with the rest of the CAOB to the west. It has also recorded the subduction switch from the Paleo-Asian Ocean plate to the Pacific Ocean plate. Thus, NE China is the significant region to investigate the evolution of blocks exposed in the eastern segment of the CAOB, between the Siberia and North China cratons (Natal'in, 1991 (Natal'in, , 1993 Sengör et al., 1993; Sengör and Natal'in, 1996; Ren et al., 1999; Jahn et al., 2000; Jahn, 2004; Li, 2006) .
The CAOB is extremely complex and our understanding of the CAOB is limited. Numerous fundamental problems are still unsettled and one of them is the timing and location of the final collision of the Siberia and North China cratons. Several vital suture zones are important for constraining the nature and the evolution of the CAOB. The SolonkereXra MoroneChangchun suture is one of the most significant suture zones for discussing the evolution of the eastern segment of the CAOB (Fig. 2a) . This suture recorded the closure of an oceanic basin located between the North China and the Siberia cratons, according to the Paleozoic strata on either side of the Xar Moron River. Discontinuously outcropping ophiolites, radiolarian cherts, syn-collisional granites and strongly deformed rocks along the suture argue in the support of this view (Tang et al., 1983; Wang and Liu, 1986; Wang and Fan, 1997; Sun et al., 2004; Li et al., 2007b; Wu et al., 2007c) . The Hegenshan suture is the other important view to constrain the final collision of the Siberia and the North China cratons (Fig. 2a) . It composed of numerous blocks of ophiolite and blueschists (Tang, 1990; Miao et al., 2007 Miao et al., , 2008 . Furthermore, two magmatic belts of different ages lie to the south, which also support the point of view (Shi et al., , 2004a (Shi et al., ,b, 2005a (Shi et al., ,b, 2007 Bao et al., 2007a,b; Liu et al., 2009) .
The Linxi Formation in central Inner Mongolia situate between the SolonkereXra MoroneChangchun suture and the Hegenshan suture. As detrial zircons of the sandstone are able to withstand post-crystallization alteration effects, and possess an inherently stable UePb isotopic system (Bruguier and Lancelot, 1997; Lee et al., 1997; Cherniak and Watson, 2000; Kosler and Sylvester, 2003; Wu and Zheng, 2004) , they are especially useful in characterizing source rocks of felsic to intermediate composition. Therefore, the age distribution of detrital-zircon populations in sedimentary successions can be used to constrain both the provenance and maximum age of deposition. This allows reconstruction of the tectonic evolution sedimentary basins, and UePb dating of detrital zircons is, therefore, a key component of research in continental dynamics (Carter and Steve, 1999; Fedo et al., 2003; Griffin et al., 2004; Moecher and Samson, 2006; Wu et al., 2007a; Han et al., 2012) . The application of this methodology is particularly important for convergent plate settings when the age signature within a developing accretionary wedge may indicate the arrival of a plate with a different age signature. In this paper, we review and aim at four questions, including (1) the provenance of the sedimentary rocks of the Linxi Formation, (2) the position of the collision between the North China and Siberia cratons, (3) the timing of the collision between the North China and Siberia cratons, and (4) relation of the Linxi Formation to the North China Craton and NE China. The results will provide further insight into the evolution of the tectonic setting of NE China, the nature of the suture location between the North China Craton and Siberia Craton, and their roles in the history of the Central Asian Orogenic Belt.
Geological background
The SolonkereXra MoroneChangchun suture mainly occurs between the ErgunaeXing'an block to the north and the North China Craton to the south. In this suture zone, the oldest units are low-to medium-grade metamorphic rocks, which were regarded as the Precambrian basement of the block (Baoyintu Group or Xilinhot metamorphic complex and Ondor Sum Group; BGMRNM, 1991) . New data shows that the Xilinhot complex is composed of Paleozoic fore-arc sediments, which were metamorphosed and deformed during late Paleozoic times Chen et al., 2009b; Xue et al., 2009) . Furthermore, crystalline basement rocks with UePb ages over 800 Ma have also been reported from the Mongolian part of the Xing'aneSouth Mongolia block (Wang et al., 2001; Badarch et al., 2002; Yarmolyuk et al., 2005; Demoux et al., 2009) . Lower Paleozoic strata are discontinuously exposed along the SolonkereXra Moron and Hegenshan suture zones, whereas upper Paleozoic, especially Permian strata, are more widespread, representing deposits on the southern continental margin of the Xing'aneErguna block or the JiamusieMongolia block called by Wang et al. (2008) . The Permian strata comprise, from base to top, the Dashizhai, Zhesi and Linxi Formations. They equal with the Permian strata to the south of the Xar Moron River named as Elitu and Yujiabeigou formations (Shen et al., 2006; Shao et al., 2007) .
The Dashizhai Formation is characteristic with lower Permian volcanic rocks in Inner Mongolia. The successions mainly consist of lavas, tuffs and volcaniclastic rocks with thicknesses varying from about 200 to 1200 m (Shao et al., 2007) . The rhyolite and basaltic andesite lavas define a bi-model succession, and have magmatic eruption ages of ca. 280 Ma . Locally, littoral sandstones and slates occur at the base of the Dashizhai Formation and are called Qingfengshan Formation (Shen et al., 2006; Shao et al., 2007) .
The Zhesi Formation conformably overlies the Dashizhai Formation and is divided into two members. The lower member is about 450 m thick and consists of dark gray marble, limestone and calcareous sandstone; the upper member composed of grayishgreen sandstone, conglomerate, and tuffaceous siltstone interbedded with mudstone is about 1000 m thick (EGSCIM, 1978) . The Zhesi Formation is a marine sedimentary succession with a Wang and Liu, 1986; Jian et al., 2008) . (b) Geological map of Linxi areas.
transition to terrestrial facies in its upper part, based on the fusulinoidean, the coral and the brachiopods (Shen et al., 2006; Wang et al., 2009 ).
The Linxi Formation occupies an extensive area in the eastern Inner Mongolia. Our research mainly focuses on the formation in the Linxi area. Based on the standard section of the Linxi area (BGMRNM, 1991) , the Linxi Formation is composed of slate, siltstone, sandstone and plant, lamellibranch microfossils in the associated strata. Furthermore, the analysis of sedimentary environment of the Linxi Formation in Linxi area according to the major elements, minor elements and trace elements, reflect that the characteristics of high SiO 2 , Al 2 O 3 , V, Zr, Ba and low P 2 O 5 , Mn, CaO, Cd by the sample slob-sandstone of the formation, indicating that the Linxi Formation is mainly in the fresh water environment, dominated by continental deposits or paralic and continental sedimentation . At the same time, large numbers of bryozoan and sponge spicule fossils were discovered for the first time in the thick limestone layers and lenses of the upper part of the Linxi Formation found in the Guandi section of Linxi County in eastern Inner Mongolia. Thus, the upper Linxi Formation revealed that the late upper Permian in the Linxi area coincided with either a marine environment or a marine dominated sedimentary environment (Zhang et al., 2014) .
Sampling and analytical methods
In this paper, we have investigated the Linxi Formation from the Linxi area. Six samples of sandstones were collected from the upper Permian strata, about 5 km northeast of Guandi Town (GPS: 43 44 0 37.5 00 N; 118 10 0 21.8 00 E, Fig. 2b ). The samples of sandstones were chosen for analysis by LA-ICP-MS zircon UePb dating. Samples were collected from well-exposed profiles of the Linxi Formation. Analytical methods LA-ICP-MS UePb dating of detrital zircons, can be found in the Supplementary content, Appendix 3.
Results

Sample descriptions
Samples are fine-mediun grained impure sandstone and consist of quartz grains (44e52%), lithic clasts (27e32%), plagioclase (15e24%) and micas (<5%), with a small amount of accessory minerals, e.g., magentite, limonite, pyronxene, titanite, and zircon. The lithic clasts are predominately characterized by the volcanic lithic grains and sedimentary lithic grains (Fig. 3c,d ). Most Linxi metasedimentary rocks preserve sedimentary structures that include bedding in meta-sandstone and slate (Fig. 3a,b) . Some rocks underwent folding and ductile shearing, transforming them into schists and mylonites.
Major and trace elements
The major and trace element data, including REE, for the six sandstone samples are presented in Table 1 . Most of the samples have high SiO 2 (64.00e72.81 wt.%), Al 2 O 3 (11.72e13.34 wt.%), Na 2 O (1.95e3.49 wt.%) and K 2 O (1.67e2.66 wt.%), but are low in MgO (0.69e1.65 wt.%), TiO 2 (0.33e0.90 wt.%) and P 2 O 5 (0.08e0.14 wt.%), with the high K and Na contents almost certainly due to the original presence of large quantities of illite (Mclennan et al., 1983) . Most samples are immature, with SiO 2 /Al 2 O 3 ratios between 5.2 and 5.6, and Na 2 O/K 2 O ratios between 0.7 and 2.0, and plot within the greywacke field or along the boundary between the greywacke and litharenite field in the plot of Pettijohn et al. (1987) (Fig. 4) . Samples of the Linxi Formation are similar to upper continental crust ( Fig. 5a ; (Taylor and McLennan, 1985; McLennan, 1989) . The absolute abundances of elements, including P REE, Eu, Sr, Y and Yb, are likely controlled by the amount of original minerals (e.g., clay minerals, quartz, feldspar and heavy minerals), source area weathering and sedimentary processes (McLennan et al., 1983; Singh and Rajamani, 2001 ). In order to understanding the tectonic environment of sedimentation, the major and trace elements were plotted in various discrimination diagrams. The Linxi rocks have relatively low and constant La/Th ratios with an average of 2.6 and constant Hf (3.75e5.92 ppm, especially ZJB-19), suggesting mixing of felsic and intermediate components (Fig. 6a ). In addition, the Linxi rocks mostly have low Sc (2.1e6.1 ppm, especially ZJB-19), and moderate contents of La (mostly <37 ppm) and Th (<17 ppm), consistent with typical granitic gneisses along the boundary between the typical granitic gneisses and clays, silts, sand and gravel from mixed sources field in the source area (Fig. 6b, Floyd et al., 1991) . In summary, the data collected from the Linxi Formation indicate that most rocks are from a granitic gneiss source. Table 1 , and presented graphically in Fig. 8a . Most zircon grains have similar chondrite-normalized REE patterns that are strongly enriched in heavy (HREE) and depleted in light (LREE) (Fig. 8a) . Four grains ) are exceptions and show unusual chondrite-normalized REE patterns (Fig. 8a) . This might possibly be due to the presence of mineral inclusions within the zircons. Overall, the moderate to strong negative Eu anomalies (Eu/ Eu* ¼ 0.02e0.51, average at 0.17), high Ce/Ce* ratios (Ce/ Ce* ¼ 1.00e39.58, especially some zircon grains with highly Ce/Ce* ratios reach to 87.63, averaged at 23.41) and high Th/U ratios (0.10e1.22, average at 0.56) are characteristic features of magmatic zircon (e.g., Hinton and Upton, 1991; Hoskin and Black, 2000; Rubatto, 2002) .
A total of fifty UePb analyses were obtained and 2 were discarded because of high discordance (Table 2 and Appendix Table 2 ; Fig. 8b Pb/ 206 Pb ages were interpreted to denote the crystallization ages of the >1000 Ma and <1000 Ma zircon grains).
Sample ZJB-17
Sample ZJB-17, collected from the upper Linxi Formation, contains zircons most of which are rounded to subhedral and range from 50 to 200 mm in size (Fig. 7b) . The similar chondritenormalized REE patterns are strongly enriched in HREE and depleted in LREE (Appendix Table 1 ; Fig. 9a ). Their strongly negative Eu anomalies (Eu/Eu* ¼ 0.02e0.61), high Ce/Ce* ratios (Ce/ Ce* ¼ 1.04e2.0) and high Th/U ratios (0.19e1.72) are characteristic features of magmatic zircon (e.g., Hinton and Upton, 1991; Hoskin and Black, 2000; Rubatto, 2002) .
Fifty zircon grains were analyzed for UePb isotopes, of which 2 analyses were discordant (Table 2 and Appendix Table 2 , Fig. 9b ). The 39 concordant analyses define three main age populations with U-Pb ages of 242e281 Ma and 454e501 Ma (Fig. 9c) 
Sample ZJB-28
Feldsparthic litharenite sample ZJB-28 from the uppermost Linxi Formation (Fig. 2b) yielded abundant small zircon grains, most of which are rounded to subhedral and range from 80 to 160 mm in size with an oscillatory zoning (Fig. 7c) . Trace element data are listed in Appendix Table 1 , and presented graphically in Fig. 10a . All the zircons have similar chondrite-normalized REE patterns, strongly enriched in HREE and depleted in LREE (Fig. 10a) . Their strongly negative Eu anomalies (Eu/Eu* ¼ 0.02e0.63), high Ce/Ce* ratios (Ce/Ce* ¼ 1.06e50.32, especially some zircons grains with highly Ce/Ce* ratio reach to 99.53) and high Th/U ratios (0.28e1.35) are characteristic features of magmatic zircon (e.g., Hinton and Upton, 1991; Hoskin and Black, 2000; Rubatto, 2002) . Fifty UePb analyses were obtained on zircons from this sample, of which 8 were discordant (Table 2 and Appendix Table 2 ; Fig. 10b ). A histogram of the 42 concordant analyses shows a virtually identical pattern to samples ZJB-16 and ZJB-17 (Fig. 10c) , with a major age population at 238e256 Ma and peak age at 253 Ma, a smaller population ranging from 642e847 Ma, a minor population at 1437e1549 Ma.
Sample ZJB-29
Similar with sample of ZJB-28, zircon from feldspathic litharenite sample of ZJB-29 also show the magmatic zircons with an oscillatory zoning (Fig. 7d) , which have similar chondritenormalized REE patterns that are strongly enriched in heavy (HREE) and depleted in light (LREE) (Appendix Table 1 ; Fig. 11a) , with strong negative Eu anomalies (Eu/Eu* ¼ 0.02e0.58, average 0.21), high Ce/Ce* ratios (Ce/Ce* ¼ 1.10e279.31, average 16.56) and high Th/U ratios (0.12e1.07 average 0.51).
A total of fifty UePb analyses were obtained, of which 7 analyses were discordant (Table 2 and Appendix Table 2 ; Fig. 11b) . A histogram of the 43 concordant analyses shows three age populations with a major grouping at 242e266 Ma (peaks at 252 Ma); a smaller grouping at 502e585 Ma (peaks at 509 Ma); an older grouping at 757e978 Ma and only one grain yielding an oldest age of 1388 Ma (Fig. 11c) .
Discussion
The depositional age and provenance of the Linxi Formation
The maximum depositional age based on dates obtained from the youngest zircon or zircons identified may still be substantially older than the time of sediment deposition (Nelson, 2001 ). The present geochronological results provide reliable constraint on the maximum depositional age for Linxi Formation. The youngest zircon population: 238e281 Ma with peaks at 252 Ma. This suggests that the Linxi Formation was mainly deposited at late Permain. Moreover, the ca. 250 Ma zircon grains of all four samples yield weighted mean 206 Pb/ 238 U ages of 250 AE 3 Ma, 248 AE 3 Ma, 249 AE 3 Ma, 250 AE 2 Ma, respectively (Fig. 12aed) . These ages, together with the youngest zircon age in the sample ZJB-28 (ca. (Fig. 13b) . The results show that overall deposition of these rocks was mainly at late Permian, extended to early Triassic. And the detrial material mostly came from early Paleozoic, Neoproterozoic and Mesproterozoic source rocks. Ages of 238e281 Ma closely match ages of 257e340 Ma recorded from mafic lavas, mafic and felsic dykes and gabbros in the Hegenshan ophiolitic complex in Inner Mongolia (Miao et al., 2008) and detrial zircons in mica schist with an ages of 321 AE 1 Ma has been recorded from Mudanjiang, in the adjacent Jiamusi Block.
The source of zircons with ages of 585e425 Ma is more problematical and, perhaps significantly, these were recorded in samples from all four samples from Linxi Formation. Peak ages of ca. 472 Ma closely match those of zircons recorded from the Northeast China. Wilde et al. (1997 Wilde et al. ( , 2000 reported SHRIMP zircon UePb ages of 505 AE 4 Ma and 497 AE 5 Ma for sillimanite gneiss and 515 AE 8 and 523 AE 8 Ma for deformed granitoids from the Mashan Complex, while ages as young as 425 Ma have not previously been recorded from this area. However, Jian et al. (2008) reported more than 10 samples with SHRIMP zircon UePb ages ranging from 416 AE 1 to 452 AE 3 Ma at Barer and 425 AE 2 to 480 AE 2 Ma at Tulinkai in Inner Mongolia within the CAOB (Fig. 1) . Also, Salnikova et al. (1998) have reported ages of 488 AE 0.5 Ma for the emplacement of TTG and 478 AE 2 Ma for subsequent granulite-facies metamorphism, respectively, in the Slyudyanka complex in the southwestern Baikal region, at the southern margin of the Siberia Craton (Fig. 1) . This was followed by posttectonic emplacement of quartz syenite at 471 AE 2 Ma.
The age population of 978e593 Ma is recorded from the Linxi Formation. Similarly, zircons of this age have been reported as detrital grains in granulite facies metasedimentary rocks of the Mashan Complex in the Jiamusi Block (Wilde et al., 1997 . Stern (2008) has summarized the Neoproterozoic history of the CAOB and summarizes evidence of Neoproterozoic igneous activity as found in ophiolites, fragments of continental-margin and riftrelated magmatic belts, bimodal volcanic associations, mafic intrusions, and granites (850e700 Ma). Neoproterozoic igneous rocks are also associated with rifts along the southern and southwestern margins of the Siberia Craton. Vernikovsky et al. (2003) have also identified three main Neoproterozoic tectonic events along the western margin of the Siberia Craton in forming the Yenisey Ridge fold-and-thrust belt: at 880e860 Ma, 760e720 Ma and 700e630 Ma. These data establish that much of the basement of the CAOB has recorded Neoproterozoic tectonic events.
The age population of 1689e1801 Ma, is also recorded from Tieli area. The peak at 1714 Ma is similar with ca 1800 Ma in the Mashan Complex .
In summary, four samples of the Linxi Formation yield ages at 1714 Ma, 1325 Ma, 620 Ma, 472 Ma. The results show similar age Figure 13 . Relative probability plot of the Linxi Formation (b), compared with zircon ages from the neighboring North China Craton (c) (Zhai and Liu, 2003; Wilde and Zhao, 2005; Zhai et al., 2005; Zhao et al., 2005; Yang et al., 2006; Zhang et al., 2009a,b; Wan et al., 2011; Zhai, 2011; Zhang et al., 2013) and Central Asian Orogenic Belt (a) (Wilde et al., 1997 Wu et al., 2007a; Miao et al., 2008; Zhou et al., 2009 Zhou et al., , 2010a Zhou et al., ,b, 2011a Zhou and wildie, 2013). populations to the rest of NE China (the eastern part of the CAOB; Fig. 13a ).
Relation of the Linxi Formation to the North China Craton and NE China
The geochronological characteristics are different between the North China Craton and Northeast China before they finally came together in the early Mesozoic (Zhou et al., 2008c; Zhai, 2011) . It is relatively easy to discriminate between them.
In the North China Craton, Precambrian basement rocks are dominated by Neoarchaean granitoids and orthogneisses (mostly tonaliteetrondhjemiteegranodiorite) and Palaeoproterozoic metasedimentary sequences (Jahn and Ernst, 1990; Zhao et al., 2000 Zhao et al., , 2002 Zhao et al., , 2005 Kusky and Li, 2003; Zhai and Liu, 2003; Wilde and Zhao, 2005; Zhai et al., 2005; Wan et al., 2006 Wan et al., , 2011 Yang et al., 2006; Chen et al., 2009a; Zhang et al., 2009a Zhang et al., ,b, 2013 Zhai, 2011) . Protolith ages for the North China Craton orthogneisses and the granitoids are mostly in the range of 2900e2500 Ma, with distinct populations at 2900e2700 Ma and 2600e2500 Ma (Zhai and Liu, 2003; Wilde and Zhao, 2005; Zhai et al., 2005; Zhao et al., 2005; Zhou et al., 2008a,b) . At w2500 Ma a strong tectono-thermal event took place virtually the entire NCC as indicated by the zircon dating (Jahn and Ernst, 1990; Zhao et al., 2000 Zhao et al., , 2002 Zhao et al., , 2005 Kusky and Li, 2003; Zhai and Liu, 2003; Wilde and Zhao, 2005; Zhai et al., 2005; Wan et al., 2006 Wan et al., , 2011 Yang et al., 2006; Chen et al., 2009a; Zhang et al., 2009a Zhang et al., ,b, 2013 Zhai, 2011) . This is different from most of the other cratons worldwide, where w2700 Ma events are predominant (Condie et al., 2009 ). In addition, the basement rocks in the North China Craton underwent 1900e1800 Ma regional amphibolite to granulite-facies metamorphism (Zhai and Liu, 2003; Zhai et al., 2005; Santosh et al., 2007) . Middle Paleoproterozoic (mainly 2200e2000 Ma) rocks have increasingly been identified in the North China Craton in recent years (Wan et al., 2006 , 2011 .
The NE China is characterized by growth of juvenile crust in the late Neoproterozoic to early Paleozoic (Jahn et al., 2000; Jahn, 2004) and the evidence for w500 Ma high grade metamorphic event has been reported in many regions of NE China (Fig. 13a) . Wilde et al. (1997) earlierly suggested that w500 Ma high-grade metamorphic event recognized in the Mashan Complex of the Jiamusi Massif was the result of collision between the Siberia and the North China cratons. Zhou et al. (2010a Zhou et al. ( ,b, 2011a Zhou and Wilde, 2013) have reported that the Erguna, Xing'an, Khanka and Jiamusi blocks, and also possibly the Songliao block underwent the high-grade metamorphism occurred at w500 Ma, where several detrital zircon grains whose ages between 600 and 900 Ma. No evidence show that the w500 Ma granulite facies event occurred in the NCC.
Though the w1800 Ma detrital zircons occurred both in the North China Craton and NE China (Yang et al., 2006; Chen et al., 2009a; Zhang et al., 2009a,b; Zhou et al., 2010a Zhou et al., ,b, 2011a Wan et al., 2011; Zhai, 2011; Zhang et al., 2013; Zhou and Wilde, 2013) , the w500 Ma metamorphic event only took place at NE China (Zhou et al., 2010a (Zhou et al., ,b, 2011a Zhou and Wilde, 2013) . Thus, based on the fact that the zircon populations of the Linxi Formation in the Linxi area are similar to zircon populations in NE China (Fig. 13a) , we postulate that the most likely source area of the Linxi Formation is NE China.
The position of the collision between the North China Craton and Siberia Craton
The final collision between the North China and Siberia cratons is one of the key problems for understanding the tectonic evolution of CAOB. In general, the SolonkereXra MoroneChangchun suture was deduced to be the suture zone of the final collision zone from the views of tectonics, sedimentology and paleobiogeography (Tang et al., 1983; Wang and Liu, 1986; Wang and Fan, 1997; Sun et al., 2004; Li, 2006; Li et al., 2007b; Wu et al., 2007c) . However, some workers suggested that the final suture of North China Orogen was along the Hegenshan ophiolite or even further north along the mélange zone of South Mongolia, based on the MORB-type ultramafic rocks (MORB denotes Mid-ocean Ridge Basalts) and arcrelated volcanic rocks observed in the Hegenshan area (Tang, 1990; Shi et al., 2003 Shi et al., , 2004a Shi et al., ,b, 2005a Shi et al., ,b, 2007 Bao et al., 2007a,b; Miao et al., 2007 Miao et al., , 2008 Liu et al., 2009 ). This paper presents some new evidences for where the final collision is located.
As we have discussed above, the Linxi Formation has NE China affinity, indicating that the XinlineXiguitu suture between the Xing'an and Erguna blocks and the HeigenshaneHeihe suture between the Songliao and Xing'an blocks, are most likely the inner zone within the CAOB. The final collision located in the south of Linxi area, therefore we suggest that the SolonkereXar MoroneYanji suture is the collision zone between the North China and Siberia cratons. The Xar MoroneYanji suture extends from the Solonker eastwards through the Mandula area, on the northern bank of the Xar Moron river, from central Jilin Province to the Yanji area, marks the final collision zone between the two active continental margins of the Siberia and North China cratons. This is consistent with the recent interpretation of Xiao et al. (2003) , who consider that the Solonker segment of the suture represents the southern termination of the CAOB.
Constraint of the collision between the North China Craton and Siberia Craton
The question surrounding when it was closed is still a hot topic. Recent studies show that the history of the Paleo-Asian Ocean that was located in the CAOB between the North China and Siberia cratons can be traced back to the Mesoproterozoic (Khain et al., 2002) . In the Neoproterozoic and Paleozoic, several large ocean basins existed in the area (Dobretsov et al., 1995; Khain et al., 2002 Khain et al., , 2003 Dobretsov, 2003) , although there is controversy surrounding where these oceans were located and when they closed. Some workers suggested that the HegenshaneHeihe zone is the final closure suture of the ocean between the North China and Siberia cratons and the suture is formed during the late Devonianeearly Carboniferous (Zhang and Tang, 1989; Tang, 1990 ). This appears to be supported by palaeomagnetic data that suggest the NCC was amalgamated with the Mongolian continent initially along the HegenshaneHeihe belt and that this composite continental block then finally collided with the Siberia Craton along the MongoleOkhotsk belt (Muller et al., 1991; Zorin, 1999; Kravchinsky et al., 2002) . However, other school of thought have proposed that the SolonkereXra MoroneChangchun suture represents the final collision zone and final closure until end of Permian (e.g., Wang and Liu, 1986; Wang and Fan, 1997; Li, 2006; Miao et al., 2008) .
Based on the new evidence come from the Hulan, Seluohe and Qinglongqun complex composed of felsic paragneiss, mica schist, pelitic schist, metagabbro and marble that show local intense deformation, which are the typical subduction complex along the SolonkereXra MoroneChangchun suture exposed in central Jilin Province, Wu et al. (2007b) considered that the final suture is the SolonkereXra MoroneChangchun suture. The clastic sediments in the Hulan Group were deposited in the Permian to early Triassic (239 AE 11 Mae274 AE 11 Ma; Wu et al., 2007b) . The late Permain High-Mg andesites (ca. 252 AE 5 Ma) have been reported in Seluohe Complex and were most likely derived from the partial melting of enriched mantle wedge materials induced by hydrous fluid from subducted sediments in a subduction zone and then experienced assimilaton-fractional crystallization during ascending , suggesting the Paleo-Asian Ocean plate was presumably in the process of subduction during the late Permian, and the collision between North China and JiamusieKhanka plates might take place after the late Permian. At Hongqiling area, 40 Ar/ 39 Ar dating of biotite from garnet-biotite gneiss and phengite from twomica schist yielded ages of 224 AE 0.8 Ma and 229 AE 5 Ma, respectively (Xi et al., 2003 (Xi et al., , 2006 Lin et al., 2008; 228 Ma, Liu et al., 2010c) were also recognized from the amphibolite at Hongqiling area. The youngest zircon age in Hulan complex is 239 AE 11 Ma (Zhang et al., 2009c) , placing an upper limit on the timing of subsequent metamorphism. Thus the ages of phengite 40 Ar/ 39 Ar ages of 229 AE 3 Ma obtained by Xi et al. (2003) most likely record cooling to the closure temperature in the two systems and thus the close of HP metamorphism in the area.
The survey of the paleontology shows that Shang (2004) proposed the Paleo-Asia ocean still existed during the Guadalupian period and at least, during this period some deep basinal sedimentation still existed, based on the discovery of these deep marine strata of the Zhesi Formation. In addition, Zhang et al. (2014) indicated large numbers of bryozoan and sponge spicule fossils were discovered for this first time in the thick limestone layers and lenses of the upper part of the Linxi Formation found in the Guandi section of Linxi County in eastern Inner Mongolia. Thus, the upper Linxi Formation revealed that the late upper Permian in the Linxi area coincided with either a marine environment or a marine dominated sedimentary environment. Thus, the ocean existed at the late Permain according the evidences above. As discussed above, the deposition of the Linxi Formation extended to the early Triassic; therefore, the final collision between the North China and Siberia cratons was at early Triassic.
Conclusions
(1) The Linxi Formation outcrops widely in the eastern Inner Mongolia in the Central Asian Orogenic Belt (CAOB), composed of slate, siltstone, sandstone and plant, lamellibranch microfossils in the associated strata. Major and trace element data (including REE) for sandstones from the formation indicate that these rocks have a greywacke protolith and have been deposited during a strong tectonic activity. (2) LA-ICP-MS UePb dating of detrital zircon yields ages of 1801 to 238 Ma for four samples from the Linxi Formation. 425e585 Ma ages, together with the w500 Ma age for the metamorphism event previously determined for Northeast China, indicate that the provenance of the Linxi Formation is the metamorphic rocks of Pan-African age that have a tectonic affinity to the Central Asian Orogenic Belt (CAOB 
